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(54) Btle: PREPARATION OF CHIMAERIC ANTIBODIES USING THE RECOMBINANT PCR STRATEGY 



(57) Abstract 



Hie invention relates to a method of producing a 
chiraaeric antibody in which the CDR of a first antibody 
is spliced between the framework regions of a second an- 
tibody. The method is performed using a template cpm- 
prising, two .framewo^ be- 
tween them, the CDR which is to be replaced by a donor 
CDR. Primers A and B are used to amplify the frame- 
work region AB, and primers C and D used to amplify 
the framework region CD. However, the primers B and 
C also contain, at their 5' ends, additional sequence 
corresponding to all or at least part of the donor CDR 
sequence. Primers B and C overlap by a length sufficient 
to permit annealing of their 5' ends to each other under 
conditions which allow a polymerase chain reacdorTte 
be performed and thereby incorporate all of the donor 
CDR sequence. The amplified regions AB and CD may 
undergo splice overlap extension to produce the caima- 
eric product in a single reaction. 
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Preparation of chlmaerlc antibodies using the recombinant PCR strategy 

The present invention relates to the preparation of 
5 chimaeric antibodies. The invention is typically applicable 
to the production of humanised antibodies. 

Antibodies typically comprise two heavy chains linked 
together by disulphide bonds and two light chains. Bach 

10 light chain is linked to a respective heavy chain by 
disulphide bonds. Each heavy chain has at one end a 
variable domain followed by a number of constant domains- 
Each light chain has a variable domain at one end and a 
constant domain at its other end. The light chain variable 

15 domain is aligned with the variable domain of the heavy 
chain. The light chain constant domain is aligned with the 
first constant domain of the heavy chain. The constant 
domains in the light and heavy chains are not involved 
directly in binding the antibody to antigen. 

20 

The variable domains of each pair of light and heavy 
chains form the antigen binding site. The domains on the 
light and heavy chains have the same general structure and 
each domain comprises a framework of four regions, whose 

25 sequences are relatively conserved, connected by three 
complementarily determining regions (CDRs) . The four 
framework regions largely adopt a beta-sheet conformation 
and the CDRs form loops connecting, and in some cases 
forming part of, the beta-sheet structure. The CDRs are 

30 held in close proximity by the framework regions and, with 
the CDRs from the other spmaln* -con&cibute to ""the "t orma-ciBn 
of the antigen binding site. CDRs and framework regions of 
antibodies may be determined by reference to Kabat g£ al 
("Sequences of proteins of immunological interest" US Dept. 

35 of Health and Human Services, US Government Printing Office, 
1987) o 
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The preparation of an altered antibody in which the 
CDRs are derived from a different sp^sifs^to theT^agqtable 
domain framework regions is disclosedl^ir^F-A-0239400^ 
CDRs may be derived from a rat or mouse mong elonal "^n€ibody . 
5 The framework of the variable domains, and the constant 
domains, of the altered antibody may be derived from a human 
antibody. Such a humanised antibody elicits a negligible 
immune response when administered to a human compared to the 
immune response mounted by a human against a rat or mou£€T 
10 antibody. Humanised CAMFATH-1 antibody is disclosed in £S^ 
A-032B404. 

The technique of "overlap extension" involves the use 
of oligonucleotide primers complementary to a template 

15 nucleotide sequence and the polymerase chain reaction (PGR) 
to generate DNA fragments having overlapping ends. These 
fragments are combined in a "fusion" reaction in which the 
overlapping ends anneal allowing the 3' overlap of each 
strand to serve as a primer for the 3' extension of the 

20 complementary strand. Ho f Gene , 22# 51-59 (1989)) 

describe the use of this technique to introduce specific 
alterations in a nucleotide sequence by incorporating 
nucleotide changes into the overlapping oligo primers. 
Using this technique of site-directed mutagenesis, those 

25 variants of the mouse major histocompatibility complex 
class-I gene were generated cloned and analysed. 



Horton sfc al ( Gene , 22 61-68 (1989)) describe a 
technique of gene splicing by overlap extension (SOE) „ The 

30 technique allows the production of a hybrid length of DNA, 
AD, by splicing two pieces of DNA, AB and CD, which are 
produced by a PCR using primers A, B, C and D. At least 
part of the primers B and c are complementary to each other. 
The fragments AB and CD produced by PCR are mixed to allow 

35 the positive strand of AB to anneal to the negative strand 
of CD. The overlap between B and C allows the two strands 
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to prime extension of each other. Primers A and D are used 
to prime a PCR reacti n of the extended strands. 

The above technique was used to splice a portion (CD) 
5 of the mouse gene between upstream and downstream 

regions (AB and EF respectively) of the corresponding 
upstream and downstream parts of the H~2L d gene. All three 
fragments, AB, CD and EF were produced by PCR, using primers 
A to F. The three fragments were joined by two rounds of 
10 S0E, the first one producing a fragment AD (ie. AB-CD) and 
the second producing the product AF (ie. AB-CD-EF) . 

According to the present invention, a method has now 
been devised of producing a chimaeric antibody in which the 
15 CDR of a first antibody is spliced between the framework 
regions of a second antibody. 

In general, the technique of the present invention is 
performed using a template comprising two framework regions, 

20 4b and CD, and between them, the CDR which is to be replaced 
lay a donor CDR. Primers A and B are used to amplify the 
framework region AB, and primers C and D used to amplify the 
framework region CD. However, the primers B and C also 
contain, at their 5' ends, additional sequence corresponding 

25 to all or at least part of the donor CDR sequence. Primers 
B and C overlap by a length sufficient to permit annealing 
of their 5' ends to each other under conditions which allow 
a polymerase chain reaction (PCR) to be performed and 
thereby incorporate all of the donor CDR sequence. The 

30 ^^amplified regions AB and CD may undergo SOE to produce the 
chimaeric product in a single reaction. 

According to one aspect the present invention provides 
a method for producing a double- or single-stranded DNA of 
35 formula 
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5' F1-M-F2 3' 

encoding an antibody chain or fragment thereof in which at 
least one of the complementarity determining regions (CDRs) 
5 of the variable region of the antibody chain is derived from 
a first mammalian antibody, and the framework of the 
variable region is derived from a second, different 
mammalian antibody, wherein M comprises DNA encoding a CDR 
of the second antibody and Fl and F2 encode sequences 
10 flanking M, which method comprises; 

(i) preparing a single- or double-stranded DNA template of 
the formula 

15 5' fl-H-f2 3' 

wherein H comprises DNA encoding a CDR of a different 
specificity from M and fl and f2 are substantially 
homologous to Fl and F2 respectively; 

20 

(ii) obtaining DNA oligonucleotide primers A, B, C and D 
wherein 

A - comprises a sequence a 1 which has a 5' end 
25 corresponding to the 5' end of Fl and which is 

identical to a corresponding length of the sequence 
Fl, 



30 



- is oriented in a 5' to 3' direction towards H; 
B consists of the sequence 

5/ b'-b 2 3' 



35 wherein 

- b 1 comprises a sequence complementary to a 
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corresponding length of M and has a 3 ' end which is 
complementary to the 5' end of M, and 

- b 2 is complementary to a s quence f corr sp nding 
length in Fl and has a 5' end which starts at the 

5 nucleotide complementary to the 3' end of Fl? 

C consists of the sequence 

10 

wherein 

- c 1 comprises a sequence identical to the corresponding 
length of M and has a 3' end which corresponds to the 
3' end of M, and 

15 - c 2 is identical to a sequence of corresponding length 

in F2 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end of F2; 

comprises a sequence d 1 which has a 5 / end 
complementary to the 3' end of F2 and which is 
complementary to a corresponding length of F2, and 
is oriented in a 5' to 3' direction towards H; 

and wherein b 1 and c 1 overlap by a length sufficient to 
25 permit annealing of their 5' ends to each other under 
conditions which allow a PGR to be performed; 

(iii) performing, in any desired order, PCR reactions with 
primer pairs A,B and C,D on the template 'prepared in 

30 (i) above; and 

(iv) mixing the products obtained in (iii) above and 
performing a PCR reaction using primers A and D. 



D 

20 



35 



The oligonucleotides may be of any convenient si2e. 
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Preferably Fl and F2 each encode at least one human 
antibody framework region and optionally further CDRs. 
Preferably H encodes a CDR of said first antibody. 
Preferably M encodes a non-human CDR region, most preferably 
5 a murine or rodent CDR. 

Primers A and D will usually be at least 12, for 
example at least 15 nucleotides, and more usually from 20 to 
30 nucleotides in length. If desired primers A and D may 

10 contain at least one restriction endonuclease recognition 
site within nucleotides of their 5' ends. Primers B and C 
will usually be at least 20, for example at least 30 
nucleotides in length. More usually, these primers will be 
over 40, for example 45 to 60 nucleotides long. It is 

15 generally possible to synthesise oligonucleotides of up to 
200 nucleotides in length. Generally primers A, B, C and D 
will thus each be from 15 to 200 nucleotides in length. 

The length of overlap between b 1 and c 1 may depend on 
20 a number of factors , including the total length of B and C 
and the particular base composition of the region of the 
overlap. However, the overlap will usually be at least 12, 
for example at least 15, nucleotides. According to one 
embodiment, the sequences b 1 and c 1 within the primers B and 
25 C are the same number of nucleotides in length. In a 
preferred embodiment of the invention b 1 and c l are both the 
length of M and thus the overlap is also this length. 

Usually, the distance between the 3' end of primer A 
30 and the 5' end of H will be at least 15 nucleotides. More 
usually, the distance will be the length of fl minus the 
length of A itself. Similarly, the distance between the 3' 
end of D and the region H will also be at least 15 
nucleotides, and more usually the length of f2 minus the 
35 length of D itself. According to one embodiment the 
sequences a 1 , b 2 , c 2 and d l of primers A, B, C and D 
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r spectively are each from 15 to 30 nucle tides in length. 

It will be appreciated that the entire sequence of M" 
and the 5' and 3' regions of Fl and F2 will be determined by 
5 the sequence of the primers A, B, C and D. 

It is therefore considered inappropriate in this 
situation to refer to "homology" between these primers and 
any parts of the sequence Fl, M or F2. Instead, the term 
10 "corresponding length" as used herein means a sequence of 
the same number of nucleotides and with the identical (or 
complementary ) sequence . 

With reference to step (i) above, the sequences fl and 
15 f2 will be substantially homologous to Fl and F2 
respectively in that the primers A to D may be used to 
introduce minor changes to f 1 and f 2 in the regions of these 
primer sequences. 

20 The regions Fl and F2 comprise DNA encoding at least 

part of the fraaework regions either side of the CDR M. Fl 
and F2 may also encode regions flanking these sequences, for 
example into and beyond DNA encoding further CDRs. 

25 According to another aspect, the present invention 

provides an oligonucleotide 30 to 110 nucleotides in length 
which consists of the sequence: 

5' o'-o* 3' 

30 

wherein o 1 comprises at least 15 nucleotides of a sequence of 
a CDR region of non-human origin and o J comprises at least 15 
nucleotides of a framework region of human origin. This 
oligonucleotide is suitable for use as a primer in the 
35 process described above. 
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According to a still further aspect, the present 
invention provides a method for producing a doubl - or 
single-stranded DNA of formula 

5 5' F1-M1-F2-M2-F3-M3-F4 3' 

encoding an antibody chain or fragment thereof in which the 
three complementarity determining regions (CDRs) of the 
variable region of the antibody chain are derived from a 

10 first mammalian antibody, and the four framework regions of 
the variable domain are derived from a second, different 
mammalian antibody, wherein Ml, M2 and M3 comprise DNA 
encoding CDRs of the second antibody and Fl, F2, F3 and F4 
comprise framework sequences flanking the CDRs Ml, M2 and 

15 M3, which method comprises; 

(i) preparing a single- or double-stranded DNA template of 
the formula 

20 5' fl-Hl-f2-H2-f3-H3-f4 3' 

wherein HI, H2 and H3 comprises DNA encoding CDRs of 
a different specificity from Ml, M2 and M3, and fl, 
f2, f3 and f4 are substantially homologous to Fl, F2, 
25 F3 and F4 respectively; 

(ii) obtaining DNA oligonucleotide primers A, B, C, D, E, 
F, 6 and H wherein 

30 A - comprises a sequence a 1 which has a 5' end 
corresponding to the 5' end of Fl and which is 
identical to a corresponding length of the sequence 
Fl, 

- is oriented in a 5' to 3' direction towards HI; 



35 



B consists of the sequence 
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5' b'-b 2 3' 

wherein 

- b 1 comprises a sequence complementary to a 
5 corresponding length of Ml and has a 3' end which is 

complementary to the 5' end of Ml, and 

- b2 is complementary to a sequence of corresponding 
length in Fl and has a 5' end which starts at the 
nucleotide complementary to the 3' end of Fl; 

10 

C consists of the sequence 

5' C^c 2 3' 

wherein 

- c 1 comprises a sequence identical to the corresponding 
length of Ml and has a 3' end which corresponds to the 
3' end of Ml, and 

- c 2 is identical to a sequence of corresponding length 
in F2 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F2; 

D consists of the sequence 

25 5' d'-d 2 3' 

wherein 

- d* comprises a sequence complementary to a 
corresponding length of M2 and has a < 3 ' end which is 

30 complementary to the 5' end of M2 r and 

- d 2 is complementary to a sequence of corresponding 
length in F2 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F2; 

35 £ consists of the sequence 



15 



20 
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5/ e l. e 2 3/ 

wherein 

- e 1 comprises a sequence identical to the corresponding 
5 length of M2 and has a 3' end which corresponds to the 

3' end of M2, and 

- e 2 is identical to a sequence of corresponding length 
in F3 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F3; 

10 

F consists of the sequence 

5' f'-f 2 3' 

15 wherein 

- f 1 comprises a sequence complementary to a 
corresponding length of M3 and has a 3' end which is 
complementary to the 5 ' end of M3, and 

- f* is complementary to a sequence of corresponding 
20 length in F3 and has a 5' end which starts at the 

nucleotide complementary to the 3' end of F3; 

G consists of the sequence 
25 5' g^g 2 3' 

wherein 

- g l comprises a sequence identical to the corresponding 
length of M3 and has a 3 ' end which corresponds to the 

30 3' end of M3, and 

- g 2 is identical to a sequence of corresponding length 
in F4 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F4; 

35 H - comprises a sequence h 1 which has a 5' end 
complementary to the 3' end of F4 and which is 
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complementary to a corresponding length of F4, and 
- is oriented in a 5' to 3' direction towards H3; 

and wherein the pairs b 1 and c 1 , d 1 and e 1 , and f l and g 1 
5 overlap by a length sufficient to permit annealing of 

their 5' ends to each other under conditions which 
allow a PGR to be performed; 

(iii) performing, in any desired order, PCR reactions with 
10 primer pairs A, B; C,D; E,F and G,H on the template 

prepared in (i) above to obtain DNA fragments AB, CD, 
E? and GH; and 

(iv) splicing the fragments obtained in (iii) above to 
15 obtain the desired DNA. 

According to one embodiment, F4 comprises the 
framework sequence flanking the CDR M3 and DNA encoding all 
or part of the constant region of the antibody chain. 

20 

Step (iv) may be performed by: 
(iva) mixing fragments AB and CD with primers A and D 
and performing a PCR to obtain a DNA fragment AD; 
(ivb) mixing, before, during or following step (iva) 
25 above, fragments EF and GH with primers E and H 

and performing a PCR to obtain a DNA fragment EH; 
and 

(ivc) mixing fragments AD and EH with primers A and H 
to obtain the desired DNAo 

30 

Alternatively step (iv) may be performed bys v 
(iva) mixing fragments CD and EF with primers C and F 
and performing a PCR to obtain a DNA fragment CF; 
and EITHER; 

3 5 (ivb-l) mixing fragments AB and CF with primers A and F 

and performing a PCR to obtain a DNA fragment AF; 
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and 

(ivc-1) mixing fragments AF and GH with primers A and H 

to btain the desired DNA; OR: 
(ivb-2) mixing fragments CF and GH with primers C and H 
5 and performing a PGR to obtain a DNA fragment CH; 

and 

(ivc-2) mixing fragments AB and CH with primers A and H 
to obtain the desired DNA. 

io peggy^AQn pP the flravAncrp 

Figure l illustrates a process according to the 
present invention. The dark box indicates DNA sequence from 
a murine CDR region which is inserted between framework 
15 regions of the CAMPATH antibody, replacing the original CDR 
(unshaded box) . A, B, C and D indicate the PGR primers 
used, with half -arrows indicating their 5' to 3' 
orientation. 

20 Figure 2 shows in detail the key sequences involved in 

the process illustrated in Figure 1. 

Figure 3 is a schematic illustration of how the 
process of the invention may be used to replace all three 
25 CDR regions of an antibody. 

Figure 4 illustrates in further detail one 
configuration of primers which may be used in the present 
invention. 

30 

Possible variations in the Fl and F2 DNA regions are 
apparent by contrasting the embodiments of the invention 
illustrated in Figures 1 and 3. 

35 In Figure 1, a process according to the invention is 

illustrated showing the replacement of a single CDR DNA. 
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The region F2 in Figure 1 is between primers M C» and M D°\ 
starting at the 5' end of c 2 as defined above to the 
complement of the 5' end of "D". This region encodes a 
total of 3 framework regions, 2 CDRs and the whole heavy 
5 chain constant region incorporating a stop codon within 
primer D. In contrast, the DNA of Pi, 5' to the CDR being 
replaced, contains a single framework and no CDRs. 

In Figure 3, the DNA between primers "C M and "D" 
10 encodes a single framework region. This is because the 
process illustrated shows the replacement of all 3 CDRs of 
DNA encoding the variable region of an antibody. With this 
arrangement, it should be noted that primer "D" comprises 
not only the sequence of d 1 but also additional 5' sequence 
15 encoding part of a second CDR region. 

When the DNA encoding all 3 CDRs of an antibody chain 
is to be replaced, the arrangement of Figure 3 may be used. 

20 Thus, a first set of 4 primers, "A", »B tt , H C" and "D" 

(as defined above for A, B, C and D) are used to replace all 
of a first CDR (CDR1) and at least part of a second CDR, 
(CDR2). A second set of primers, W E", "F" , 11 G" and "H" 
(defined as for A, B, C and D respectively) are used to 

25 replace a third CDR (CDR3) and at least part of CDR2. In 
order to ensure the replacement of CDR2, primers "D" and "E" 
must overlap by a length sufficient to permit annealing of 
their 5' ends to each other under conditions which allow a 
PCR to be performed. In essence, replacement of CDR2 is 

30 accomplished by a set of four primers, "C w , "D", "B" and 
"F", defined as for A, B, C and D respectively. 

In the embodiment of the invention illustrated by 
Figure 3, fragments AB and CD are annealed to provide 
35 fragment AD, and fragments EF and GH are spliced to provide 
fragment EH. Finally AD is spliced with EH to provide 
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fragment AH, encoding a variable region in which all 3 CDRs 
are replaced. 

Other arrangements by which all 3 CDR DNAs may be 
5 replaced in a DNA encoding a variable region using primers 
"A" to W H" as illustrated in Figure 3 include performing 
reactions with primer pairs "A" + «b», "C" + "D", "E" + W F" 
and "G" + "H" as illustrated in Figure 3(1), splicing 
fragments CD and EF together to produce a fragment CF, and 
10 splicing this fragment with either first fragment AB and 
then GH, or vice versa. 

Alternatively, the DNA encoding the 3 CDRs may be 
replaced sequentially. A first reaction using primers "A M , 

15 tt B n , "C" and "H" (as shown in Figure 3 and defined as for 
primers A to D) may be used to replace CDR1, in accordance 
with the present invention. A second set of reactions, 
using primers "A", "E", w D n and "H" (as shown in Figure 3 
and defined as for primers A to D) replaces CDR2. A final 

20 set of reactions, using primers "A", "F", f, G» and M H» 
replaces CDR3. 

The primers A and D may also, at their 5' ends contain 
additional sequences which represent, for example, 
25 restriction endonuclease recognition sequences not 
represented in fl or f2, 

The sequences of A and D 5' to a 1 and d 1 will be 
ignored when considering the degree of homology between f 1 
30 and Fl, and f2 and F2. Similarly, if Fl and/or F-2 are 
shorter than fl and/ or f2 respectively, the additional 
sequences of f l/f2 for which F1/F2 have no counterpart will 
also be ignored wheij^eaguring the degree of homology. 

35 All the primers may contain a number, for example 1 to 

10, such as 2 to 5 nucleotide mismatches between the fl/f2 
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sequences and the corresponding or c mplementary primer 
seguenc s. These mismatch s may be used to design desired 
coding changes in the sequences of Fl and F2 when compared 
with fl and f2. 

5 

The process of the invention may be used to produce a 
chimaeric antibody or fragment thereof in which any one of 
the CDR regions are replaced. It may also be used to 
replace any two, or all three CDR regions of an antibody 
10 variable region. 

The process of the invention may be used to replace 
the DBA encoding one or more CDRs of a complete antibody 
light or heavy chains. Fragments of DNA encoding at least 
15 one CDR region may be used. For example, it is possible to 
produce antibody fragments such as Fab, F(ab) 3 or Fv 
fragments, in which the DNA encoding one or both of the 
light or heavy chains has been subjected to the process of 
the invention. 

20 

DNA encoding framework regions and CDRs of antibodies 
will often be present in a vector, for example an expression 
vector. In some cases, it will be necessary or desirable 
that one or both of the primers A and D (or at least their 
25 regions a 1 and d 1 ) correspond to vector sequences, rather 
than sequences of one of the framework regions flanking the 
CDR being replaced. 

The DNA produced according to the invention may be 
30 cloned into any suitable replication or expression vector 
and introduced into a bacterial, yeast, insect or mammalian 
cell to produce chimaeric antibody. Examples of suitable 
systems for expression are described below. 

35 The antibody chain may be co-expressed with a 

complementary antibody chain. At least the framework of the 
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variable region and the or ach constant region of the 
complementary chain generally are derived from th said 
second species also. A light chain and a heavy chain nay be 
co-expressed. Either or both-chains may have been prepared 
5 by the process of the invention. Preferably the CDRs of 
both chains are derived from the same selected antibody. An 
antibody comprising both expressed chains can be recovered. 

The antibody preferably has the structure of a natural 
10 antibody or a fragment thereof. The antibody may therefore 
comprise a complete antibody, a (Fab') 2 fragment, a Fab 
fragment, a light chain dimer or a heavy chain. The 
antibody may be an IgG, such as an IgGl, lgG2, IgG3 or IgG4 
IgM, IgA, IgE or IgD. Alternatively, the antibody may be a 
15 chimaeric antibody of the type described in WO 86/01533. 

A chimaeric antibody according to Wo 86/01533 
comprises an antigen binding region and a non-immunoglobulin 
region. The antigen binding region is an antibody light 
20 chain variable region or heavy chain variable region. 
Typically, the chimaeric antibody comprises both light and 
heavy chain variable regions. The non- immunoglobulin region 
is fused at its C-terminus to the antigen binding region. 
The non-immunoglobulin region is typically a non- 
25 immunoglobulin protein and may be an enzyme region , a region 
derived from a protein having known binding specificity, 
from a protein toxin or indeed from any protein expressed by 
a gene. The two regions of the chimaeric antibody may be 
connected via a cleavable linker sequence. . 

30 

The invention is preferably employed to humanise an 
antibody, typically a monoclonal antibody and, for example, 
4 rat or mouse antibody. The framework and constant regions 
pt the resulting antibody are therefore human framework and 
35 constant regions whilst the CDRs of the light and/ or heavy 
chain of the antibody are rat or mouse CDRs. Preferably all 
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CDRs are rat or mouse CDRs. The antibody produced in 
accordance with the present invention nay be a human IgG 
such as XgGl, IgG2, IgG3, IgG4; IgM; IgA; IgE or IgD 
carrying rat or mouse CDRs. 

5 

The process of the invention is carried out in such a 
way that the resulting chimaeric antibody retains the 
antigen binding capability of the non-human antibody from 
which the CDR region (s) is/are derived. 

10 

The starting antibody is typically an antibody of a 
selected specificity. In order to ensure that this 
specificity is retained, the variable region framework of 
the antibody is preferably the closest variable region 
15 framework of an antibody of another species. By "about the 
closest" is meant about the most homologous in terms of 
amino acid sequences. Preferably there is a homology of at 
least 50% between the two variable regions. 



20 There are four general steps to produce a humanised 

antibody by the method according to the invention. These 
are: 

(1) determining the nucleotide and predicted amino acid 
sequence of the starting antibody light and heavy 

25 chain variable regions; 

(2) designing the chimaeric antibody, i.e. deciding which 
antibody framework region to use during the process; 

(3) identifying the oligonucleotides A, B, C, and D and 
use of these primers in a series of .PCR reactions to 

30 produce DNA encoding the humanised antibody; and 

(4) the transfection of a suitable host cell line with the 
DNA and expression of the humanised antibody. 



35 



These four steps are explained below in the context of 
humanising an antibody. However, they may equally well be 
applied when reshaping to an antibody of a non-human 



WO 92/07075 



PCT/GB91/01744 



18 

species. 

step is petennAiuinq tfa? rms^Ptacte and wr#<Ugtffti mine 

qpA3 sequence pf gffltlfrodfr light and hWYY 

5 cfrqfo v^A^e req^pn? 

To make a chimaeric antibody only the amino acid 
sequence of antibody's heavy and light chain variable 
regions needs to be known- The sequence of the constant 
10 regions is irrelevant because these do not contribute to the 
humanising strategy. The simplest method of determining the 
variable region amino acid sequence of an antibody is from 
cloned cDNA encoding the heavy and light chain variable 
region . 

15 

There are two general methods for cloning heavy and 
light chain variable region cDNAs of a given antibody: (1) 
via a conventional cDNA library, or (2) via PCR. Both of 
these methods are widely known. Given the nucleotide 
20 sequence of the cDNAs, it is a simple matter to translate 
this information into the predicted amino acid sequence of 
the antibody variable regions. 

step 2: pegftqnAnq tht ch&mawrte ant*frp3y 

25 

There are several factors to consider in deciding 
which human antibody sequence to use during the 
humanisationo The humanisation of light and heavy chains 
are considered independently of one another, but the 
30 reasoning is basically similar for each. 

This selection process is based on the following 
rationale: A given antibody's antigen specificity and 
affinity is primarily determined by the amino acid sequence 
35 of the variable region CDRs. Variable region framework 
residues have little or no direct contribution . The primary 
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function of the framework regions is t hold the CDRs in 
their proper spacial orientation to recognize antigen. Thus 
the substitution of rodent CDRs into a human variable region 
framework is most likely to result in retention of their 
5 correct spacial orientation if the human variable region is 
highly homologous to the rodent variable region from which 
* they originated o A human variable region should preferably 
be chosen therefore that is highly homologous to the rodent 
variable region ( s) . 

0 

A suitable human antibody variable region sequence can 
be selected as follows: 



l. Using a computer program, search all available protein 
15 (and DNA) databases for those human antibody variable 

region sequences that are most homologous to the 
rodent antibody variable regions. The output of a 
suitable program is a list of sequences most 
homologous to the rodent antibody, the percent 
20 homology to each sequence, and an alignment of each 

sequence to the rodent sequence. This is done 
independently for both the heavy and light chain 
variable region sequences. The above analyses are 
more easily accomplished if only human immunoglobulin 
25 sequences are included. 



2. List the human antibody variable region sequences and 
compare for homology. Primarily the comparison is 
performed on length of CDRs, except CDR3 of the heavy 

30 chain which is quite variable. Human heavy chains and 

Kappa and Lambda light chains are divided into 
subgroups; Heavy chain 3 subgroups, Kappa chain 4 
subgroups, Lambda chain 6 subgroups. The CDR sizes 
within each subgroup are similar but vary between 

35 subgroups. It is usually possible to match a rodent 

Ab CDR to one of the human subgroups as a first 
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similar length are then compared for amino acid 
sequence homology, especially within the CDRs, but 
also in the surrounding framework regions. The human 
5 variable region which contains the most homologous 

CDRs is chosen as the framework for humanisation. 

step 3 : Edent^cgtiipn and ^ se <?f *h c pUgom^ieot^es h< 
Pi c yidl p 

10 

The general principles for designing primers for PCR 
are well known, eg. as described by R.K. Saiki ("The Design 
and Optimisation of the PCR" in "PCR Technology" , Ed H.A. 
Erlich, Stockton Press, (1989)). In addition, specific 

15 factors can be considered for each CDR replacement. Where 
necessary, or desired, the 5' ends of A and/or D may encode 
part or all of a second and/or third CDR. The primers, A 
and D, may also include at their 5' ends restriction enzyme 
sites. These sites can be designed according to the vector 

2 0 which will be used to clone the humanised antibody from the 
final PCR reaction. The primers B and C must be long enough 
to overlap by at least a length sufficient to permit 
annealing of their 5' ends to each other under conditions 
which allow a PCR to be performed. This will usually 

25 require an overlap of at least 12, and preferably at least 
15 nucleotides. One or more of the four primers may differ 
from their template sequences by one or more nucleotides. 
These differences may be used to introduce desired coding 
changes into the framework regions of the antibody. 

30 

The primers are then used in a series of PCR reactions 
using the appropriate template to generate the DNA encoding 
the humanised antibody. PCR reactions may be carried out as 
described by Saiki et £l, Science . 222, 487-491 (1988). At 
35 each stage the desired product of the PCR reaction may be 
purified as necessary, for example using selective 
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filtration and if necessary the identity of the product can 
be established, for example by gel electrophoresis. 

Step 4: Transfection and expression Qf the reshppjd 

5 antibody 

Following the reactions to produce the DNA encoding 
the chimaeric antibody, the DNAs are linked to the 
appropriate DNA encoding light or heavy chain constant 
10 region, cloned into an expression vector, and trans fected 
into a suitable host cell line, preferably a mammalian cell 
line. These steps can be carried out in routine fashion. 
A chimaeric antibody may therefore be prepared by a process 
comprising: 

15 a) preparing a first replicable expression vector 

including a suitable promoter operably linked to a DNA 
sequence which encodes at least a variable region of 
an Ig heavy or light chain, the variable region 
comprising framework regions from a first antibody and 

20 CDRs from a second antibody of different specificity; 

b) if necessary, preparing a second replicable expression 
vector including a suitable promoter operably linked 
to a DNA sequence which encodes at least the variable 
region of a complementary Ig light or heavy chain 

2 5 respectively ; 

c) transforming a cell line with the first or both 
prepared vectors; and 

d) culturing said transformed cell line to produce said 
altered antibody. 

30 

Preferably the DNA sequence in step a) encodes both 
the variable region and the or each constant region of the 
antibody chain. The antibody can be recovered and purified. 
The cell line which is transformed to produce the altered 
35 antibody may be a Chinese Hamster Ovary (CHO) cell line or 
an immortalised mammalian cell line, which is advantageously 
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of lymphoid origin, such as a myeloma, hybridoma, trioma or 
guadroma cell line. The cell line may also comprise a 
normal lymphoid cell r such as a B-cell, which has been 
immortalised by transformation with a virus, such as the 
5 Epstein-Barr virus. Most preferably, the immortalised cell 
line is a myeloma cell line or a derivative thereof. 

Although the cell line used to produce the chimaeric 
antibody is preferably a mammalian cell line, any other 
10 suitable cell line, such as a bacterial cell line or a yeast 
cell line, may alternatively be used. In particular, it is 
envisaged that £*. coli - derived bacterial strains could be 
used. 

15 It is known that some immortalised lymphoid cell 

lines, such as myeloma cell lines, in their normal state 
secrete isolated Ig light or heavy chains. If such a cell 
line is transformed with the vector prepared in step (a) it 
will not be necessary to carry out step (b) of the process, 

20 provided that the normally secreted chain is complementary 
to the variable region of the Ig chain encoded by the vector 
prepared in step (a) , 

However, where the immortalised cell line does not 
25 secrete or does not secrete a complementary chain, it will 
be necessary to carry out step (b) . This step may be 
carried out by further manipulating the vector produced in 
step (a) so that this vector encodes not only the variable 
region of a chimaeric antibody light or heavy chain, but 
30 also the complementary variable region. 

Alternatively, step (b) is carried out by preparing a 
second vector which is used to transform the immortalised 
cell line. This alternative leads to easier construct 
35 preparation, but may not be as preferred as the first 
alternative in that production of antibody may be less 
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efficient. 

In the case where the immortalised cell line secretes 
a complementary light or heavy chain, the transformed cell 
5 line may be produced for example by transforming a suitable 
bacterial cell with the vector and then fusing the bacterial 
cell with the immortalised cell line by spheroplast fusion. 
Alternatively, the DNA may be directly introduced into the 
immortalised cell line by electroporation or other suitable 
10 method. 

An antibody is consequently produced in which CDRs of 
a variable region of an antibody chain are homologous with 
the corresponding CDRs of an antibody of a first mammalian 
15 species and in which the framework of the variable region 
and the constant regions of the antibody are homologous with 
the corresponding framework and constant regions of an 
antibody of a second, different, mammalian species. 
Typically, all three CDRs of the variable region of a light 

2 0 or heavy chain are derived from the first species. 

The antibody may be an IgG, such as IgGl, IgG2, IgG3 
or IgG4 IgM, IgA, IgE or IgD. Alternatively, the antibody 
may be a chimaeric antibody of the type described in 
25 WO 86/01533. 

The recombinant PCR technique of the present invention 
should allow the generation of fully humanised MAb DNA 
sequences in only two days using three rounds of PCR 
30 reactions (Fig. 3). Site-directed mutagenesis (Jones 
et , Nature . 221, 522-525 (1986); Riechmann fit ai. , 
Nature , 332 , 323-327 (1988)) and oligonucleotide gene 
synthesis (Queen e£ , Proc . Natl . Acad . Sci . U.S.A. , £6, 
10029-10033 (1989)) have previously been used for the 

3 5 humanisation of antibodies. The above method has benefits 

over these techniques in that smaller oligonucleotides are 
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required in the procedure, even to transfer large CDRs such 
as the 19 amino acid CDRH2 present in a number of human IgG 
subgroup III heavy chains (Cleary et , Cell , M, 97-106 
(1986)). For example, as illustrated in Figure 4, where the 
5 primary PGR products are designed to overlap in the middle 
of the CDR by 15 bp, the transfer of a 57 bp COR onto the 
appropriate FR requires oligonucleotides of a maximum of 51 
bp, assuming a homology of 15 bp corresponding to the FR 
target sequence (Higuchi, Using PCR to engineer DNA, in "PCR 
10 Technology" Ed. K.A. Zrlich, Stockton Press (1989)). 

The technique of the invention is also advantageous 
over site-directed mutagenesis in that all operations can be 
performed upon ds DNA without the need for subcloning 
15 between ds and ss vectors, thus decreasing the time and 
effort required to generate the humanised product. 

The invention is illustrated by the following example, 

20 EXAMPLE 1 

(a) Recombinant PCR grafting of DX48 CDRH1 onto a human 
background 

25 The objective was to graft a heavy chain CDR1 (CDRH1) 

from a rat anti~digoxin mAb (DX48) onto a human Ig backbone. 
The template used for the recombinant PCR was the previously 
humanised CAMPATH-1H heavy chain (Riechmann et ai., Nature . 
221* 323-327 (1988)), a human IgGl heavy chain with NEW 

30 (Saul et , J. Biol . Chem . . 253 , 585-597 (1978)) V region, 
which had been re-engineered from genomic into cDNA 
configuration, and had subsequently undergone site-directed 
mutagenesis to replace CAMPATH-1H CDRH2 and CDRH3 sequences 
with rat DX48 CDRH2 and CDRH3 yielding HUMDXCH . 2 3 ss 

35 template in M13 (SEQ ID NO: 1). 
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PCR reactions (Saiki e£ &1. , ££isn£&, 221, 487-491 
(1988)) were carried out using ss HUMDXCH. 23 template 
prepared by the method of Sambrook e£ 4I. , Molecular 
Cloning: A Laboratory Manual, 2nd Edn., Cold Spring Harbor 
5 Laboratory (1989) . The reactions were performed in a 
programmable heating block (Hybaid) using 25 rounds of 
temperature oycling (94°C for 1 min, 50°C for 2 min, and 
72 °C for 3 min) followed by a final 10 min step at 72 °C. i 
Mg of each primer , 50 ng of template and 2.5 Units of £afl 
10 polymerase (Perkin Elmer Cetus) were used in a final volume 
of 100 jil with the reaction buffer as recommended by the 
manufacturer. Synthetic oligonucleotides were made on a 
7500 DNA Synthesizer (Milligen) . 

15 The approach used is summarised in Fig. 1. Primers 

used: 

A : SEQ ID NO: 2: 
B : SEQ ID NO: 3: 
C : SEQ ID NO: 4: 

20 D : SEQ ID NO: 5: 

Two PCR reactions were carried out using the primer pairs A 
and B, and C with D respectively. Primers A and D 
correspond to positive and negative strand oligonucleotides 
incorporating the HinflHI sites at the 5' and 3' termini of 

25 the HUMDXCH. 23 insert. Figure 2 shows the nucleotide 
sequence of three regions of the HUMDXCHo23 insert 
incorporating; the first 42 bp at the 5' end of the insert 
including the start codon of the CAMPATH-1H leader sequence; 
the 3' 27 bp of FRH1, the whole length of CDRH1 and the 5' 

30 27 bp of FRH2 from CAMPATH-1H; and the final 27 bp at the 3' 
terminus of the insert including the stop codon at the end 
of CAMPATH-1H constant region (CH3) . The sequences are 
separated by 117 bp and 1206 bp respectively. Primer B 
possesses negative strand sequence from the 3' end of the 

35 CAMPATH-1H FRH1 region (with point mutations to convert Phe 
27 and Thr 3 0 of CAMPATH-1H back to the Ser residues present 
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in the NEW FRH1) together with CDRHl sequence of DX4 8 in 
plac of the CAMPATH-IH CDRH1 (Fig. 2). Primer C is made up 
of the positive strand sequence of DX48 CDRHl , complementary 
to the CDRHl region of primer B, running into the 5' end of 
5 the Campath-IH FRH2 (Fig. 2). In the first round of the AB 
and CD PCR reactions the HUMDXCH.23 negative strand is 
synthesised from primers B and D respectively (Fig. 1) . In 
subsequent cycles fragments AB and CD (SEQ ID NO: 6 AND NO: 
7 respectively) are amplified (Figs. 1 and 2). The products 

10 of the two reactions thus constitute the whole length of the 
HUMDXCH.23 insert but with the point mutations stated above 
and the Campath-IH CDRHl replaced by the CDRHl sequence of 
DX48. Fragments AB and CD both possess the DX48 CDRHl 
sequence such that on denaturation and reannealing the 

15 overlapping sequences can anneal. 

Excess primers were removed from the AB and CD PCR 
reactions by selective filtration on a Centricon 100 
(Higuchi e£ , Nucl. Acids Res. , 16, 7351-7367 (1988); 

20 Amicon) . 50 /il of each reaction was placed into 2 ml of TE 
(lOmM Tris-HCl pH 8, 0,1 EDTA) and mixed in the upper 
reservoir of the Centricon 100. The manuf acturer's protocol 
was followed using a 25 min centrifugation in a fixed-angle 
rotor at 1000 x G, and the PCR products recovered in a 40 Ml 

25 retentate. 

10 Ml of the Centricon 100 retentate was subjected to 
a recombinant PCR reaction with primers A and D (Fig. 1) 
using the same conditions as performed in the primary PCR 

3 0 reactions above. The positive strand of fragment AB and the 
negative strand of CD contain the complementary DX48 CDRHl 
sequences at their 3' ends, and in the first PCR cycle can 
anneal and serve as primers for one another. Extension of 
the overlap produces the recombinant product fragment AD 

35 containing the transplanted DX48 CDRHl, and this is 
amplified by primers A and D in the subsequent rounds of PCR 
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(Figs. 1 and 2). The remaining strands of fragments AB and 
CD, which are complementary at their 5' ends, are not able 
to prime each other, but can act as templates for primers A 
and D. These generate more of the primary PCR products, 
5 although these fragments are not amplified in an exponential 
manner due to the absence of primers B and C in the 
reaction. 

Gel-purified PCR products were analysed on an agarose 
10 gel containing 0.8% Type II: Medium EEO Agarose (Sigma) in 
89 mM Tris-borate/2 mM EDTA, and visualised by staining with 
ethidium bromide. The expected sizes of the fragments were 
as follows: AB, 207 bp; CD, 1285 bp; AD, 1471 bp. The 
predominant band observed in each case was of the expected 
15 size, although additional minor bands also appeared in 
reaction AD. 

(b) Cloning and sequencing of the recombinant PCR preduet 

20 Fragment AD (SEQ ID NO: 8) was gel eluted, digested 

with Hind lll (BRL) and cloned into the Hindi IX site of pUC- 
18 (BRL) . The nucleotide sequence of a clone containing the 
recombinant molecule was determined by plasmid priming 
following the dideoxy chain-termination method (Sanger 

25 et ai., Proc . Natl . Acad . Sci. U.S.A. , 7£, 5463-5467 (1977)) 
according to the Sequenase kit (USB) protocol. The entire 
1463 nt insert was found to be of the correct sequence, no 
mis incorporations having resulted from the two sets of PCR 
reactions* 

30 

EXAMPLE 2 

This objective was the humanisation of YFC51.1.1 rat 
anti-human -CD18 heavy and light chains. The DNA sequence 
35 of the variable regions of both chains had been determined 
and is shown in 



WO 92/07075 



PCT/GB9U/01L744 



28 

SEQ ID NOS 9 and 10 - heavy chain and 
SEQ ID NOS 11 and 12 - light chain. 



Using the selection procedure described in Step (2) 
5 above, the human variable domain frameworks of the NEWM 
heavy chain and REI light chain (Kabat al, "Sequences of 
proteins of immunological interest", U.S. Dept. of Health 
and Human Services, U.S. Government Printing Office (1987)) 
were chosen for the humanisation process. 

o 

The humanised heavy and light chains were constructed 
as follows. 



(i) Light Chain 
15 Light chain oligonucleotide primers: 



A L : SEQ ID NO: 13: 
B L : SEQ ID NO: 14: 
C L : SEQ ID NO: 15: 
20 D L : SEQ ID NO: 16: 

E L : SEQ ID NO: 17: 
F L : SEQ ID NO: 18: 
G L : SEQ ID NO: 19: 
H L : SEQ ID NO: 20: 

25 

PCR reactions were performed in a programmable heating 
block (Hybaid) using 20 rounds 'of temperature cycling (94°C 
for 1 min, 50*C for 2 min, and 72°C for 3 min) followed by 
a final 10 min step at 72 °C 1 ptg of each primer, a 
30 specified amount of template, and 2.5 units of £§s 
polymerase (Perkin Elmer Cetus) were used in a final volume 
of 100 Ml with the reaction buffer as recommended by the 
manufacturer. 

35 The initial template for the PCR was CAMPATH-1H light 

chain (humanised CAMPATH-1 on REI framework; Page and 
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Sydenham, Biotechnology 2, 64-68, (1991)}. Four initial PGR 
reactions were carried out, with long of template per 
reaction, using the primer pairs A L with B L# C L with D L , E L 
with F L , and G L with H L respectively. The products of these 
5 PGR reactions, fragments AB L , CD L , EF L and GH L respectively, 
were purified using Prep-A-Gene (Bio-Rad) following the 
protocol recommended by the manufacturer. Fragments AB L with 
CD L , and EF L with GH L were combined using a quarter of each 
purified product, and subjected to recombinant PCR reactions 

10 with primers A L plus D L , and E L plus H L respectively. The 
products of these reactions, fragments AD L and EH t , were 
purified as above, and a quarter of each combined in a 
recombinant PCR reaction using primers A L and H L . The final 
humanised light chain recombinant PCR product, AH L , was 

15 cloned into the flin^UI site of pUC-18 (BRL) following the 
method of Crowe et al. (1991), utilising the flinfllll sites 
in primers A L .and H L . Plasmid isolates were sequenced by the 
dideoxy chain termination method, and clones of the correct 
sequence chosen. 



20 

(ii) Heavy Chain 
Heavy chain oligonucleotide primers: 





A H : 


SEQ 


ID 


HO: 


21: 




B„: 


SEQ 


ID 


NO: 


22: 


25 


C H : 


SEQ 


ID 


NO: 


23: 




D H : 


SEQ 


ID 


NO: 


24: 




E H : 


SEQ 


ID 


NO: 


25: 




F H ! 


SEQ 


ID 


NO: 


26: 




G„: 


SEQ 


ID 


NO: 


27: 


30 


H H : 


SEQ 


ID 


NO: 


28: 



The initial template for the PCR was CAMPATH-1H heavy 
chain. The rodent CDR's were grafted on to the template 
using the recombinant PCR method as described in section (i) 
35 but using oligonucleotide primers A H to H„. The final PCR, 
i.e. fragments AD„ and EH„ with primers A H and H H , did not 



WO 92/07075 



PCT/GB91/01744 



30 

give a high yield of product so a fragment AF H was generated 
(from fragments AD H and EF H ) and used with fragment EH H in a 
PCR with primers A H and H H . Oligonucleotides A H and H H were 
designed with Hind lll and Eco RI sites respectively to enable 
5 initial cloning of the humanised variable region, and a 

site was introduced into the NEWM framework 4 (FR4) region 
of oligonucleotide G H to facilitate subsequent cloning of the 
variable region with a suitable constant region of choice. 
The Spe l site was chosen so as not to alter the leucine 
10 residue at position 109 (numbering according to Kabat e£ &1, 
ibid ) of the humanised heavy chain template. Four out of 
the six human heavy J-minigenes possess a leucine at this 
position; Kabat e£ al ibid ) . Thus the use of the engineered 
Spe l site should be generally applicable. 

IS 

The humanised heavy chain variable region recombinant 
PCR product was cloned into Hind lll /EcoRI -cut pUC-18 (BRL) , 
and plasmid isolates of the correct sequence were chosen. 
The FR4 and 71 constant regions of CAMFATH-1H heavy chain 

20 were PCR cloned into pUC-18 (BRL) using oligonucleotide 
primers XH (SEQ ID NO: 29) and YH (SEQ ID NO: 30). Primer 
X H contains Spe l and Hind lll sites, and Y H an SsoRI site. 
The Hind lll and Eco RI sites were used to clone the PCR 
product into pUC-18, and plasmid isolates of the correct 

25 sequence were selected. The complete heavy chain was 
subsequently reconstituted from the humanised variable 
region and 71 constant region clones using the engineered 
FR4 Soel siteo 
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Sequence Listing 



1. INFORMATION FOR SEQ ID NO : 1 



10 



i) 



SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 
CD) TOPOLOGY 



1457 

nucleic acid 

single 

linear 



ii) MOLECULE TYPE 



cDNA 



15 



20 



25 



30 



35 



ix) 



ix) 



ix) 



ix) 



FEATURE 

(A) NAME/KEY : 

(B) LOCATION : 
(D) OTHER INFORMATION 



CDS [? CODING SEQUENCE] 

1 1457 

/Product = "Variable region 

heavy chain" 
Standard name «= "HUMDXCH.23" 



FEATURE 

(A) NAME/ KEY : Misc feature 

(B) LOCATION : 156 182 

(D) OTHER INFORMATION : /function 

FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 183 197 

(D) OTHER INFORMATION : /function 

FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 198 224 

(D) OTHER INFORMATION : /function 



= CAMPATH 1H FRH1 



' CAMPATH 1H CDRH1 



CAMPATH 1H FRH2 



Xi) SEQUENCE DESCRIPTION 



SEQ ID NO : 1 
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AAGCTTTACA GTTACTGAGC ACACAGGACC TCACC ATG 

Met 



38 



155 



TGC ACC GTG TCT GGC TTC ACC TTC ACC GAT TTC TAC ATG AAC 197 
Cys Thr val Ser Gly Phe Thr Phe Thr Trp Phe Tyr Met Asn 



10 



TGG GTG AGA CAG CCA CCT GGA CGA GGT 
Trp Val Arg Gin Pro Pro Gly Arg Gly 

CCG GGT AAA TGAGTGCGAC GGAAGCTT 
Pro Gly Lys 



224 

1430 
1547 



15 



20 



i) 



INFORMATION FOR SEQ ID NO : 2 : 



SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



24 base pairs 
nucleic acid 
single 
linear 



25 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 

xi) SEQUENCE DESCRIPTION 



SSDNA 

No 

NO 

SEQ ID NO 



GATCAAGCTT TACAGTTACT GAGC 



24 



30 3. 

i) 

35 



INFORMATION FOR SEQ ID NO : 3 : 



SEQUENCE CHARACTERISTICS 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



45 base pairs 
nucleic acid 
single 
linear 
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ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssDNA 

No 

Yes 



Xi) SEQUENCE DESCRIPTION 



SEQ ID NO : 3 : 



TGGCACAGAC CGTCGTGGAA GTCGTGAATA CCATACCCAC ACCCG 45 



10 



15 



4. INFORMATION FOR SEQ ID NO : 4 : 



i) 



SEQUENCE CHARACTERISTICS 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



45 base pairs 
nucleic acid 
single 
linear 



20 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 

xi) SEQUENCE DESCRIPTION 



ssDNA 

No 

No 

SEQ ID NO : 4 : 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGA 45 



25 



5. INFORMATION FOR SEQ ID NO : 5 



30 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



27 base pairs 
nucleic acid 
single 
linear 



35 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssDNA 

No 

Yes 
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xi) SEQUENCE DESCRIPTION : SEQ ID NO : 5 : 



CATTTACTCA CGCTGCCTTC GAACTAG 



6. INFORMATION FOR SEQ ID NO : 6 : 



10 



i) 



SEQUENCE CHARACTERISTICS 



(A) LENGTH 

(B) TYPE 

(C) STRAND EDNESS 

(D) TOPOLOGY 



207 base pairs 
nucleic acid 
double 
linear 



ii) MOLECULE TYPE 



dsDNA 



15 Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 6 : 

GATCAAGCTT TACAGTTACT GAG C AC AC AG GACCTCACCA TG 42 

159 

TGCACCGTGT CTGGCAGCAC CTTCAGCACT TATGGTATGG GTGTGGGC 207 



20 



7. INFORMATION FOR SEQ ID NO : 7 : 



25 



i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1285 

nucleic acid 

double 

linear 



30 



ii) MOLECULE TYPE 



Xi) SEQUENCE DESCRIPTION 



dsDNA 



SEQ ID NO : 7 



35 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGAGGT 48 

1254 

CCGGGTAAAT GAGTGCGACG GAAGCTTGAT C 1285 
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8. INFORMATION FOR SEQ ID NO : 8 : 



10 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1471 

nucleic acid 

double 

linear 



ii) MOLECULE TYPE : dsDNA 

ix) FEATURE 

(A) NAME /KEY : CDS [?J 

(B) LOCATION : 1 1471 

(D) OTHER INFORMATION : /PRODUCT = "Variable region 
15 heavy chain" 

ix) FEATURE 

(A) NAME /KEY : raise feature 

(B) LOCATION : 160 186 

20 (D) OTHER INFORMATION : /function CAMFATH 1H FRH1 

ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 175 177 

25 (D) OTHER INFORMATION : point mutation 

ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 184 186 

30 (D) OTHER INFORMATION : point mutation 

ix) FEATURE 

(A) NAME /KEY : Misc feature 

(B) LOCATION : 187 207 

35 (D) OTHER INFORMATION : /function -DK4 8 CDRH1 
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ix) FEATURE 

(A) NAME /KEY : Misc feature 

(B) LOCATION : 208 234 

(D) OTHER INFORMATION : /function CAMPATH 1H FRH 2 

5 

xi) SEQUENCE DESCRIPTION : SEQ ID NO : 8 : 



GATCAAGCTT TACAGTTACT GAGCACACAG GACCTCACC ATG 42 

Met 

10 159 

TGC ACC GTG TCT GGC AGC ACC TTC AGO ACT TAT GGT ATG 198 
Cys Thr Val Ser Gly (Ser) Thr Phe (Ser) Tur Tyr Gly Met 

15 GGT GTG GGC TGG GTG AGA CAG CCA CCT GGA CGA GGT 234 
Gly Val Gly Trp Val Arg Gin Pro Pro Gly Arg Gly 
1440 



20 



CCG GGT AAA TGAGTGCGAC GGAAGCTTGA TC 
Pro Gly Ala 



1471 
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(9) D3F3RMAITCN PGR SBQ ID NO: 9: 

(i) S33C3ENS GiARACIERISTICS: 
(A) I23GIH: 417 base pairs 
(5) TSE: nucleic acid 

(C) SERANEEENESS: double 

(D) TOPOLOGY: linear 

(ii) M3I2CUIZ TffiE: c2*A 
(vi) ORIGINAL SOORCE: 

(A) ORGANISM: Rattus rartus 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) IDCailON: 1..417 

(D) OIKS* IKFQK^TICW: /products "Heavy chain variable 
region with signal sequence" 
/standard_nane* "YFC51.1.1" 

(ix) rSAOTRE: 

(A) WME/Z&£: nisc_signal 

(B) UDCanCN: 1..57 

(D) COHER 2NFCS&SAT1CN: /function" "Signal sequence" 

(be) mrURE: 

(A) NAME/KK: mise feature 

(B) lOSUSCN: 148.7l62 

(D) OIHES IHKSBffiELCN: /function "GH 1" 

(ix) FDOTREs 

(A) NAME/FEY: nisc feature 

(B) I0OO2BN: 205.7255 

(be) FEATURE: 

(A) NAME^m: nisc feature 

(B) IOOTICN: 352.7384 

(3C±) SB3JD?CS UESCRIF1TCN: SSJ ID NO: 9: 

AIG AAA TGC AGC TGG ATC AAC CTC TTC 1TC ATS GCA CIA GCT TCA GGG 48 
Met Lys Cys Ser tep He Asn Lsu Ibe leu Met Ala Leu Ala Ser Gly 
1 5 10 15 

GTC TAG GCA GAA GIG GAG CXG CAA G& TCT GGG OOC GAG CTT OGG AGA 96 
Val iyr Ala Glu Val Gin Lsu Gin Gin Ser Gly Pro Glu Lai Arg Arg 
20 25 30 

CCT GGG TOC TCaGICAAGTIGTCTTCTAAGACT TCT GGC TAC AGC ATT 144 
Pro Gly Ser Ser Val lys Lbu Ser cys lys Bar Ser Gly iyr Ser lie 
35 40 45 
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AAA GAT TAC CTT CIG CAC TOG CIA AAA CAT AGG CCA GAA GGC CIG 152 
Lys Asp Tyr Leu Lsu His Trp Val lys His Arg Pro Glu Tyr Gly Lsu 
50 55 60 

GAA TOG ATA GGA TGG ATT GAT OCT GAG GAT GGT GAA ACA AAG TAT GGT 240 
Glu Ttd lie Gly Trp lie Asp Pro Glu Asp Gly Glu Thr lys Tyr Gly 
65 * 70 75 80 

CAG AAG TIT CAA AGC AGG GCC ACA CIC ACT GCA GAT ACA TCC TCC AAC 2S3 
Gin Lys Pha Gin Ser Arg Ala E-r Lsu Ear Ala Asp E*r Ser Ser Asn 
85 90 95 

ACA GCC TAG ATG CAA CTC AGC AGC CIG ACS TCP GAC GAC ACA GCA AOC 226 
Ear Ala Tyr Met Gin Lsu Ser Ser Lsu Ear Ser Asp Asp Bar Ala Eir 
100 105 110 

TAT TIT TOT ACT AGA GGC GAA TOT AGA TAG AAC TOG TOG TIT GAT TAC 284 
Tyr Hie Cys Ear Axg Gly Glu Tyr Arg Tyr Asn Ser Trp Hie Asp Tyr 
115 120 125 

TOG GGC CAA GGC ACT CIG GIC ACT GIC TCT TCA 417 
Tro Gly Gin Gly Eir leu Val Eur Val Ser Ser 
130 135 



(10) INPOESSATTCN FDR SEQ ID NO: 10: 

(i) SEQUENCE CHABACISSXSriCS: 

(A) ISCTH: 139 aaino acids 

(B) TYPE: amino acid 
(D) TOP0SDDK: linear 

(ii) M3ESCBXE TYPE: protein 

(Xi) DSSSIPHON: SEQ ID NO: 10: 

Met lys cys Ser Trp lie Asn Lsu Hie Leu Met Ala lea Ala Ser Gly 
1 5 10 15 

Val Tyr Ala Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Arg Arg 
20 25 30 

Pro Gly Ser Ser Val Lys Leu Ser Cys Lys Eir Ser Gly Tyr Ser lie 
35 40 45 

Lys Asp Tyr Lsu Leu His Trp Val Lys His Arg Pro Glu Tyr Gly leu 
50 55 60 

Glu Trp He Gly Trp lie Asp Pro Glu Asp Gly Glu Err lys Tyr Gly 
65 70 75 80 

Gin Lys Ehe Gin Ser Arg Ala Thr leu Eur Ala Asp Eir Ser Ser Asn 
85 90 95 
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Ihr Ala Tyr Mat Gin Leu Ser Sar Leu ttr Ser Asp Asp ttr Ala Bar 
100 105 110 

Tyr Phe cys ttr Arg Gly Clu Tyr tag TVr Asn Ser Trp Hie Asp Syr 
115 120 125 

Tip Gly Gin Gly Ear Leu Val Er Val Ser Ser 
130 135 
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(U ) INFORMATION FOR SE3 ID N0:11: 

(i) S33UENCE OiARACIEasncS: 

(A) LZNC7XK: 375 base pairs 

(B) TYPE: nucleic acid 

(C) SIBANDE2NESS: double 

(D) TOPOLOGY: linear 

(ii) miBSJLS TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) OERGANISM: Rattus rattus 

(ix) FEATCRE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..375 

(D) 0IHE3. INFORMATION: /product* "Variable region light 
chain" 

/stanaarfnsinff" "YFGSl.l.l 11 

(ix) K»TUKE: 

(A) NAME/KEY: inisc signal 

(B) LOCATICN: 1..60 

(D) OIEE* JMFCTMKTICN: /function** "Signal sequence" 

(ix) ICTTORE: 

(A) NAME/KEY: misc feature 

(B) LOCATION: 130.7l62 

(D) OTH2H INFORMKTXCN: /function* "OS 1" 

(ix) F£AXGRE: 

(A) NAME/KEY: aisc feature 

(B) LOCATION: 208.7228 

(D) 03KS XNFCSSteTXCN: /function "OR 2" 

(ix) FUTURE: 

(A) NAME/KHs aisc feature 

(B) LDanCN: 325. .351 

(D) OTHER 2NF0FMMnCNt /function* "02R 3" 



(xi) SEQUENCE DESCRIPTION: SB3 ID NO: 11: 

ATG AGG GTC CAG GIT CAG TIT CXG GGG CTC CUT CIG CTC TGG ACA ICA 
Met Arg Val Gin Val Gin Fhe Lsu Gly Lau Leu Leu Ibu Trp Ifrr Ser 
15 10 35 

GGT GOC CiG TGT GAT GTC CAG ATG AOC CAG TCT CCG TCT TAT CTT GCT 
Gly Ala Gin Cys Asp Val Gin Met Thr Gin Ser Pro Ser Tyr lea Ala 
20 25 30 



48 



96 
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Gw TCI OCT GGA GAA A£7T (717 ICC ATC AGT TGC AAG GCA AGT AAG AGC 144 
Ala Ser Pro Gly Glu Ser Val Ser lie Ser cys Lys Ala Ser Lys Ser 
35 40 45 

JOT^MTTBTaGOCTKISrCttCK AAA OCT G33 GAA GCA AAT 192 
He Ser Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Glu Ala Asn 
50 55 60 

aaa err err ere tat tat ggg tca act tig cga tct gga ait oca tog 240 
Lys Leu Leu Val Tyr Tyr Gly Ser Leu Arg Ser Gly lie Pro Ser 

65 70 75 80 

AGG TIC AGT GGC ACT GGA TCT GGT ACA GAT TIC ACT CIC AOC A2C AGA 2SS 
Arg Phe Ser Gly Ser Gly Ser Gly Bar Asp Ehe Bar Leu Bar He Arg 
85 90 95 

AAC CTG GAS OCT GCA GAT TIT GCA CSC TAC TAC TCT CAA CAG TAT TAT 336 
Asn Leu Glu Pro Ala Asp Phe Ala Val Tyr Tyr Cys Gin Gin Tyr Tyr 
100 * 105 110 

GAA AGA COG CIC AOG TIC GGT TCT GGG AOC AAG CTG GAG 375 
Glu Arg Pro Leu Bar Phe Gly Ser Gly Tzz Lys Leu Glu 
115 120 125 



(12)IKFCK4ATICN FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) 125 aaino acids 

(B) TffiE: amino acid 
(D) TOPOLOGY: linear 

(ii) TXPE: protein 

(XI) SEQUENCE DESCKLPJXON: SEQ ID NO: 1 2 

Met Arg Val Gin Val Gin Hie Lsu Gly Leu Leu Lea Leu Trp Thr Ser 
1 5 10 15 

Gly Ala Gin cys Asp Val Gin Met Bar Gin ser Pro Ser Tyr Leu .Ala 
20 25 *30 

Ala Ser Vro Gly Glu Ser Val Ser lie Ser Qys Lys Ala Ser Lys Ser 
35 40 45 

lie Ser Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Glu Ala Asn 
50 55 60 

lys Leu Lesu Val Tyr Tyr Gly Ser Car Leu Arg Ser Gly lie Pro Ser 
65 70 75 80 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Arg 
85 90 95 
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Asn Lea Clu Pro Ala Asp Hie Ala Val Tyr Tyr cys Gin Gin Tyr Tyr 
100 105 110 



Glu Arg Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu Glu 
115 120 225 
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(ii) M3LBC0LE TfFZ: CDNA 

(iii) HYPOlHEnCAL: NO 

(iv) mi-SBtSE: No 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Ratfius rattus 

(id.) SS30ENCE DESCHlrTICN: SBQ ZD NO: 17: 
A5IGSAXAG& GAGAIGSS6C 

(13) INFORMATION FOR SSQ ID NO: 23: 

(i) SEQUENCE GffiSACTSlSHCS: 

(A) LENSIH: 30 bases 

(B) TffiE: nucleic acid 

(C) SIRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MXBCPLE TSSE: ssDNA 
(iii) HXPOTSEXXCAL: NO 
(iv) ANTE-SEISE: NO 

(xi) SEQUENCE DESCRIFTICN: SEQ ZD NO: 13: 
GATCAAGCXT CiCIACAGTT ACTSAGCACA 

(14) INFCRMmCN FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS S 

(A) IS833H: 43 bases 

(B) TSE: nucleic acid 

(C) SSaNPgWESfi; single 

(D) TOPOLOGY: linear 

(ii) MDXECniS TSPE! sSDNA 
(iii) HHCSHBXICAL: NO 
(iv) ANTE-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 14: 
GdAAAIAAT T5CTA&TCCT LTilALTlUCT TIACASGTSA TGS 

(19 INFORMATION FOR SEQ ID NO: 15: 
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(i) SB3U3*C£ CHARACTERISTICS: 

(A) LENGTH: 43 bases 

(B) TYPE: nucleic acid 

(C) SIKANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) M2LEOJIZ TYPE: ssDNA 
(iii) HYFOEEnOL: NO 
(iv) ANTI-S2HSE: NO 

(xi) SEQUENCE DESCKIPITOtf: SEQ ID NO: 15: 
AGftGaHAG GUO!IKLTi& GOCIGGZACC AGCAGAAGOC AGG 
(16) INFORMATION FOR SBQ ID NO: 16: 

(i) SB3ENCE GJAKACISBISTICS: - 

(A) LENGTH: 41 bases 

(B) TffiEr nucleic acid 

(C) SKANDE25ESS: single 

(D) TOPOLOGY: linear 

(ii) TOPE: ssENA 

(iii) HYPOTHETCCAL: NO 
(iv) ANTX-SSJSE: YES 



(Xi) SB30ENCE DESCRIPTION: SEQ ID N0:16: 
AGA1C3C3&A GZTGAOCOAT ACHAGATCAG CAGCITTOGA G 
(17) HOTffiUCN KR SE3 3D N0:17s 

(i) sssosrcs GssaciEesxiss 

(A) I2NGSH: 41 bass 

(B) TYPE: nucleic acid 

(C) S2BANDSDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ssDNA 
(iii) HYPOTHETICAL: NO 



(iv) Jtfrer-SZNSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

cmsasxrc TOGICTGCCA AGCSGXTTCA G 41 

(IS) ErOSMKTICN FOR SEQ ID NO: 18: 

CD SEQUENCE CHWACISaiSTICS: 
(A) IS«Sffl: 47 bases 
(5) TUPS: nucleic acid 

(C) snONDESMESS: single 

(D) 1OPOL0K: linear 

(11) M3LB3JLZ TfPZ: ssDNA 

(iii) E ^jmai oL: no 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SB3 ID NO:18 : 
C3SG&GC33Z AdGTTOGCn. UIAIiTAGCTS GCKTCT 47 

(19) IHFCRffillCN FOR SEQ 3D N0:12: 

(i) sequence astsbcsBosncs: 



WO 92/07075 



PCT/GB91/M744 



46 



(A) LENGTH: 47 bases 

(B) TXPBs nucleic acid 

(C) snv&DTXNSSSz single 

(D) HOPGLEOti linear 

(ii) HX5C3JLS TEPE: ssDNA 
(iii) ffiTOlKSHCAL: NO 
(iv) ANIT-SB3SE: NO 



(X±) SBCPSTCS D2SOUPHCN: SEQ ID NO: 19: 
CSACaGIKIT AIGAAASCC GCTCAOSTIC OSCC&AGGGA CC&GGI 47 
(20) INFOE&ffinCN TOR SB3 ID NO:20: 

(i) SEQUENCE oaRRCI'bXLSTICS; 

(A) IS353H: 30 bases 

(B) TYPE? nucleic acid 

(C) ST5$NDBNKSs single 

(D) TOPOLOGY; linear 

(ii) ynrfrntz topes ssdna 

(iii) K£PCraETiaLs NO 
(iv) ANH-SBJSS: ¥ES 



(xi) SBQPBSCE DZSCSCTIICNs SEQ ID NOS20 1 

eara&Gcra ooocix>iwfc 30 

(21) INF0E8ffiS2CN TOR SEQ 3D N0s21 s 

(i) SEQOENCE Q^SAGmSSnSs 
(A) 31 bases 

(6) T^PEs nucleic acid 
(C) SEttNDSNESSs single 
p) TCEPQLOCTs linear 

(ii) TXPEs ssDNA 

(iii) HSdHHiaL: NO 
(iv) ANTl-SENSEs NO 
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(xi) SS30BJS OSSSFISCN: SBQ ZD NO: 21: 
TGGGATCS&T C&AGCimC AGmCI®G C 
(22) 2NFOE9ffi2ICN FOR S35 ID NO ^2 : 



(i) SEQUENCE QJARAOSESTXeSs 

(A) IEKHH: 36 bases 

(B) TYPE: nucleic acid 

(C) SZSaNDENBS: single 

(D) TOPOLOGY: linear 

(ii) mrfnJR kps: ssWk 

(iii) HSPOESHaL: NO 
(iv) ANH-SSTSE: YES 



(xi) seqcoce ua u xima i: seq id no:22: 

SfcftSCSGEa AGGI©&GCS AS^OC 



(23) ZNFOEa©S£N PQR SS9 29 NO:23s 

(i) SEEDED SftRACEEKEOTSs 

(A) LS3S3H: 36 bases 

(B) TSSs nucleic acid 

(C) S2SM©SftKSs single 

(D) SSPOLSGY; linear 

(ii) ynryrnr^ tzfbi sssm. 
(iii) HSommaLs NO 

(iv) ANII-SBlIgs NO 



(3d) SBOP^CS DESCRIPTION? SBQ ZD NO:23s 
raHAOdTC TOCA CT G GCT G&SaaGOa CSESA 
(24) ZNFOS&B&ICN FOR SSQ ZD NOs24: 

(i) SEQUENT GSftRACEESXSTXS: 

(A) XSKSZHs 54 bases 

(B) TSPEs nucleic acid 

(C) SISMDHMKSs single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ssDNA 
(iii) KYPOIHETICAL: NO 
(iv) ANTI-SENSE: YES 



PCT/GB91/01744 



(id) SEgQEKCS DESCRIPTION: SSQ ID N0:24 : 

mamiT Tcaaasccr caggatcaat ocatccaatc c»ctcaagac eras 54 

(25) IKFCKSffilCN FOR SEQ ID NO 25 : 

(i) SEQUENCE CaRACTSISnCS: 

(A) XBXSXH: 54 bases 

(B) TYPE: nucleic acid 

(C) STRANDSNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ssENA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(Sd) SEQOENCE DESCRIPTION: SEQ ID N3:25: 
GGTGAAACAA ASTAXGSTC& GAAGFTTCAA AGCASAGTSA C&AT5CTGGT ASAC 54 
(26) INPDRilSfflCN FOR SEQ ID N0:26: 

(i) SEQUENCE GaPACTERISTICS: 

(A) XS1GTH: 45' bases 

(B) TYPE: nucleic acid 

(C) SS8a©E32^Ss single 

(D) TOPOLOGY: Hrwnr 

(ii) M3LECQLE TYPE: ssDNA 
(iii) HYP02HSTICAL: MO 
(iv) ANTI-SENSE: YES 



(xL) SEQUENCE DESCRIPTION: SEQ ID K0:26: 
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CCACSA5TXG CGCCICXTOC AS&lAAXftG ACOEC 45 

(27) INKS8ft33CN KSR SS3 3D H0:27: 

(i) SEQGBTCE GOSASSSTSnCS: 
(A) LSJS2H: 54 bases 
(5) TJffE: nucleic .acid 

(C) sgUWDESNESS; single 

(D) TOPOLOGY: linaar 

(ii) MOIECI7LE T¥PE: ssDNA, 
(iii) HSOBEHaL! NO 
(iv) ANIT-SS«S£: NO 



(xi) SS3CXENCE DESCRIPTION: SSQ ID NO: 27: 

Asuaaacr anesmsi txactsgsst caAisscxc&c •mcrc&c&sr exec 54 

(28) INPCKflfflKN B3R SB3 ID N328 : 

(ij SEQQ27CE OffiRACTEKESTICS: 

(A) IBWXH: 36 bases 

(B) TffiE t nuc leic acid 

(C) SZRBNDEENZSS: single 

(D) T3P0LO3Y: linear 

(ii) grryrnLe tse: sssm 
(iii) HSsaBSHQ&: no 

(iv) ANTI-SSBSs YES 



(Xi) SBgce»C3 DSGSimai! SB3 2D N9:28: 



ISG&GXaCIS ASGG&aiTOS SOSOQSSS ASGGXG 



36 
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(29) SNFCEBffiEXCN TOR SS3 ZD NOs29s 

(1) SBSOB*S GS3^X^ObTX@2 

(A) 2S«SHs 48 bases 

(B) TSls naeleie eeid 
(O 5B8a©SNISS2 single 
(D) TDFQLSGYs linear 

(ii) JStS^S TSEs ssB?®> 

(iii) HEPCSHSES&s NO 
(iv) aNEI-SSSEs NO 



(3d) SSQPSiS DSSSSCNs SEQ ID N0s29s 

ccroeiacrr isj^gctss ©sges&ggs ssaassa ossscc 48 

(30) 2NFCS&©2Xe8? KR HQ 2D NOs30 s 

(i) sBgo&ics oaRACESssisss 

(A) I®asS!s 33 bases 
(S) T^Ss meleie aeid 

(C) SIOTMKSs single 

(D) TQPQLO^s linear 

(ii) Mnrwrnrr raess ssnm 

(iii) a frU l Mtfa BL: NO 

(iv) ans=ss?sEs ^ss 



(3d) SBgBEO DSS3F2ia*s ^3 S KDs30s 

AaGsseosr easEross sAeeoeasfc as 



33 



WO 92/07075 



PCT/GB91/01744 



51 



CLAIMS : 



1. A method for producing a double- or single-stranded 
DNA of formula 

5' F1-M-F2 3' 



encoding an antibody chain or fragment thereof in which at 
10 least one of the complementarity determining regions (CDRs) 
of the variable region of the antibody chain is derived from 
a first mammalian antibody, and the framework of the 
variable region is derived from a second, different 
mammalian antibody, wherein M comprises DNA encoding a CDR 
15 of the second antibody and Fl and F2 respectively encode 5' 
and 3 7 sequences flanking M, which method comprises; 



20 



(i) preparing a single- or double-stranded DNA template of 
the formula 

5' fl-H-f2 3' 



wherein H comprises DNA encoding a CDR of a different 
specificity from M and fl and f2 are substantially 
25 homologous to Fl and F2 respectively; 

(ii) obtaining DNA oligonucleotide primers A, B, C and D 
wherein 

30 A - comprises a sequence a 1 which has a 5' end 
corresponding to the 5' end of Fl and which is 
identical to a corresponding length of the sequence 
Fl, is oriented in a 5' to 3' direction towards H; 



35 B 



consists of the sequence 
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5' b'-b 2 3' 

wherein 

- b 1 comprises a sequence complementary to a 
corresponding length of M and has a 3 ' end which is 
complementary to the 5' end of M, and 

• b 2 is complementary to a sequence of corresponding 
length in F 1 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F l ; 

C consists of the sequence 

5' c ! -c 2 3' 



15 wherein 

- c 1 comprises a sequence identical to the corresponding 
length of M and has a 3 ' end which corresponds to the 
3' end of M, and 

- c 2 is identical to a sequence of corresponding length 
20 in F2 and has a 5' end which starts at the nucleotide 

corresponding to the 5' end of F2; 

D - comprises a sequence d 1 which has a 5' end 
complementary to the 3' end of F2 and which is 
25 complementary to a corresponding length of F2 f and 

- is oriented in a 5' to 3' direction towards H; 

and wherein b 1 and c 1 overlap by a length sufficient to 
permit annealing of their 5' ends to each other under 
3 0 conditions which allow a polymerase chain reaction (PGR) to 
be performed; 



35 



(iii) performing, in any desired order, PCR reactions with 
primer pairs A,B and C,D on the template prepared in 
(i) above; and 
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(iv) mixing the products obtained in (iii) above and 
performing a PGR reaction using primers A and D. 

2. A method according to claim 1 wherein Fl and F2 each 
5 encode at least one human antibody framework region, and 

optionally further CDRs. 

3. A method according to claim 1 or 2 wherein H encodes 
a CDR of the said first antibody. 

10 

4. A method according to any one of the preceding claims 
wherein M encodes a non-human CDR region. 

5. A method according to claim 4 wherein M encodes a 
15 murine or rodent CDR. 

6. A method according to any one of the preceding claims 
wherein the primers A and-D contain at least one restriction 
endonuclease recognition site within 10 nucleotides of their 

20 5' ends. 

7. A method according to any one of the preceding claims 
wherein, in the primers B and C, b 1 and c 1 are the same 
number of nucleotides in length. 

25 

8. A method according to any one of the preceding claims 
wherein primers A f B, C and D are each from 15 to 200 
nucleotides in length. 

30 9. A method according to claim 8 wherein a 1 , b 2 , c 2 and d 1 
of primers A, B, C and D respectively are each from 15 to 30 
nucleotides in length. 

10. A method for the production of a humanised antibody 
35 wherein at least one of the CDR regions of a human antibody 
light or heavy chain is replaced by a method according to 
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any one of the preceding claims. 

11. A method according to claim 10 wherein all three CDR 
regions are replaced. 

5 

12. A method according to any one of the preceding claims 
which further includes the introduction of the DNA obtained 
into an expression vector. 

10 13. A method according ro claim 12 which further includes 
the introduction of the expression vector into a host cell. 

14. A method according to claim 13 wherein the host cell 
is a Chinese Hamster Ovary (CHO) cell or a myeloma cell. 

15 

15. A method according to claim 13 or 14 which further 
includes expression of the DNA obtained and recovery of the 
expressed product. 

20 16. An oligonucleotide 30 to 110 nucleotides in length 
which consists of the sequence: 

5' o'-o 2 3' 

25 wherein o J comprises at least 15 nucleotides of a sequence of 
a CDR region of non-human origin and o : comprises at least 15 
nucleotides of a framework region of human origin. 

17 o A method for producing a double- or single-stranded 
30 DNA of formula 

5' F1-M1-F2-M2-F3-M3-F4 3' 

encoding an antibody chain or fragment thereof in which the 
35 three complementarity determining regions (CDRs) of the 
variable region of the antibody chain are derived from a 
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first mammalian antibody, and the four framework regions of 
the variable domain ar derived from a second, different 
mammalian antibody, wherein Ml, M2 and M3 comprise DNA 
encoding CDRs of the second antibody and Fl, F2, F3 and F4 
5 comprise framework sequences flanking the CDRs Ml, M2 and 
M3, which method comprises; 

(i) preparing a single- or double-stranded DNA template of 
the formula 

10 

5' fl-Hl-f2-H2-f3-H3-f4 3' 



wherein Hi, H2 and H3 comprises DNA encoding CDRs of a 
different specificity from Ml, M2 and M3, and fl, f2, f3 and 
15 f4 are substantially homologous to Fl, F2, F3 and F4 
respectively; 



(ii) obtaining DNA oligonucleotide primers A, B, C, D, E, 
F, G and H wherein 

20 

A - comprises a sequence a 1 which has a 5' end 
corresponding to the 5' end of Fl and which is 
identical to a corresponding length of the sequence 
Fl, 

25 - is oriented in a 5' to 3' direction towards HI; 

5 consists of the sequence 



5' b'-b 2 3' 

0 wherein 

- b 1 comprises a sequence complementary to a 
corresponding length of Ml and has a 3' end which is 
complementary to the 5' end of Ml, and 

- b 2 is complementary to a sequence of corresponding 
5 length in F 1 and has a 5' end which starts at the 

nucl otide complementary to the 3' end of Fl? 
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C consists of the sequence 

5' c*-c 2 3' 

5 wherein 

c 1 comprises a sequence identical to the corresponding 
length of M l and has a 3' end which corresponds to the 
3' end of M', and 

- c 2 is identical to a sequence of corresponding length 
10 in F2 and has a 5' end which starts at the nucleotide 

corresponding to the 5' end F2; 

D consists of the sequence 
15 5' d'-d 2 3' 

wherein 

- d 1 comprises a sequence complementary to a 
corresponding length of M2 and has a 3' end which is 

20 complementary to the 5' end of M2, and 

- d 2 is complementary to a sequence of corresponding 
length in F2 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F2; 

25 Z consists of the sequence 

5' e l -e 2 3' 

wherein 

- e 1 comprises a sequence identical to the corresponding 
length of K2 and has a 3' end which corresponds to the 
3' end of M2, and 

- e 2 is identical to a sequence of corresponding length 
in F3 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F3; 



30 



35 
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F consists of the sequ nee 
5 wherein 

- f 1 comprises a sequence complementary to a 
corresponding length of M3 and has a 3' end which is 
complementary to the 5 ' end of M3 r and 

- f 3 is complementary to a sequence of corresponding 
10 length in F3 and has a 5' end which starts at the 

nucleotide complementary to the 3' end of F3; 

G consists of the sequence 
15 5' g J -g 2 3' 

wherein 

- g 1 comprises a sequence identical to the corresponding 
length of M3 and has a 3 ; end which corresponds to the 

20 3 / end of M3, and 

- g 2 is identical to a sequence of corresponding length 
in F4 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F4; 

25 H - comprises a sequence h 1 which has a 5' end 
complementary to the 3' end of F4 and which is 
complementary to a corresponding length of F4, and 

- is oriented in a 5' to 3' direction towards H3; 

3 0 and wherein the pairs b 1 and c l , d 1 and e 1 , and f 1 and g 1 
overlap by a length sufficient to permit annealing of their 
5' ends to each other under conditions which allow a PCR to 
be performed; 

35 (iii) performing, in any desired order, PCR reactions with 
primer pairs A,B; C,D; E,F; and G,H on the template 
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prepared in (i) above to obtain DNA fragments AB f CD, 
EF and GH; and 

(iv) splicing the fragments obtained in (iii) above to 
5 obtain the desired DNA. 

IS. A method according to claim 17 wherein F4 comprises 
framework sequence flanking the CDR M3 and DNA encoding all 
or part of the contact region of the antibody chain. 

10 

19. A method according to claim 17 or 18 wherein step (iv) 
is performed by: 

(iva) mixing fragments AB and CD with primers A and D 
and performing a PCR to obtain a DNA fragment AD; 
15 (ivb) mixing, before, during or following step (iva) 

above, fragments EF and GH with primers E and H 
and performing a PCR to obtain a DNA fragment EH; 
and 

(ivc) mixing fragments AD and EH with primers A and H 
20 to obtain the desired DNA. 

21. A method according to claim 17 or 18 wherein step (iv) 
is performed by: 

(iva) mixing fragments CD and EF with primers c and F 
25 and performing a PCR to obtain a DNA fragment CF; 

and EITHER: 

(ivb-1) mixing fragments AB and CF with primers A and F 
and performing a PCR to obtain a DNA fragment AF; 
and 

30 (ivc-1) mixing fragments AF and GH with primers A and H 

to obtain the desired DNA; OR: 
(ivb-2) mixing fragments CF and GH with primers C and H 
and performing a PCR to obtain a DNA fragment GH; 
and 

35 (ivc-2) mixing fragments AB and CH with primers A and H 

to obtain the desired DNA. 
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